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20 * ^wmorabtDHMh^xn, mntin\zmm<Dm^&m& j ptbMj&-zitm 
j\®L&ft±'2i*:r£j:mm&2ftT^%o mx.\z> ti-ai -n-ch©3- 
j-<< yif^m^tcMmmjL^m 1-30051 8t^«s#!B) , t 

i CN, TiAIN, SiC, TkXSA 1 2 0 3 fc^ofc/£#©*«M^W*r*je« 
(#HB 2000-336489 f^iS^I 2001-293611 

3 8 6 4 5^f0Jiffl#£#8D 0 
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5 ®M.m\zttm*t2>tz.#), mm®x<Dmmm*ftft\z{&Mznfc^h^5fflm& 

lm/^iT) ©*#T»JW6te©afc»J&*#&nSfc©©, *©£tB«4fc«XJ| 
10 ^tl 5 0-20 Om/m i n £T2> Z. £ifi£< , tt^HUTtt 1 0 0/m i n 

giJX^*JI«*rsc:fc*l«j«i: , r*. $&fc*^OJnxffl8Bffi«rfflV>fciS5jgin 

fee ^^tcknti, iPXffigPp n pSL^»X#^i^5iT^$iiT#®^S:^ 

25 ^fS^f^Ei^T^o *»W©JPXXAft«ffl-r St, -t©«nfcjHltttK: 
<fctK »?tlft*ffiffl-r*c:i^<J«ajPX*«RriBtft:*. 
±E©««:*3fi^©?!l^tt,T i «{fc«ffiRtX/XttT i itttiLGBtittoft (fc 
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*<Z>*£3&*0. 2mo 1 %fr£> 1 Omo 1 %<DtiM\Z.&2>m&1xn:m&8ilZlf't 

\t. U—'T'{>tfm(D&mft*>ltim& > ft\Z&\,*T. 7y|, ft*, Rtf 

3^*^e,^S^«kOa^ns^<i:feia©^*©Jft^*to. 2 mo 1% 
^6 1 Omo 1 «©*5iBtft*i«5iiDIffla5i56fct>#-r*. 7y*,S*, ft*. 

10 o&jinr#s. *&m<DtiQj:mffi&&&toj:mzttLTi 5 om/fr&±<Dmm. 

15 i«i£inXMSBiB^'b#*r^. SEJHJfHJIfck ^iPX^fc^f LT 1 5 Om/^± 
¥i3ISC^ffij&* 2 fa«fc 4^^T?a&t), ae»»JBt4'©T i ©»£T i O 

20 a K:&jn,fc»3\ (*ncT io a a*/es»»«i©«ji) T*$n*«*it*« 
±tsojioxfflgi5 l a^tfi^3i^^jx^}c ! b#-r^). *^w©«5t«igijx^Ttt» 

«Jt>fc2MB£l. Omm, MOO. lmm/rev, WM4 0 0m/min > 
25 RtfttfiiJEI* 5 0 Om©^TWJSfro^©X^^f®©S8fti|SV B *7 0 
^.m^T^-r^^t^T^^o «JgiJ«l*ffl^*rfc«IM3afl!l 5 Om/^ 
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si2n -<t>axpiom TiN3-f^>^piom R&^mm 
i3n ^t>$APiom TiN3-f^>^piom sxj^ra 

EI5te, ^ft>aAP 1 OX*(D^Mi^©^m^-ro 

m6te, t iw.mM<Dwmizmmvfc.^*>&AP i oi*©iBM©^ 
io 0 t i w.wtM<Dtym\z&mvrc^*>mAP i oiaownfffc^vrx 

0 9te> W©-ft>aAT i Nn-f^ >^X*^ji{COViT4^mTfT 
15 o fcWiWRB^Iil^f ©»JR***r. 

Ml Ote, -T^->aA$fTofeT i CNZi-t-^ >tfllM t XXt'(*>&\&ft 

HIl lte, A £fro)fcT i CNa-f-f >tfHM t Zm^Ty}mi'%:'& 

(DUMmmmmnzTx-fo mmm& 5 o om/m i n, ^husk^ 5 0 om 

20 Xte 10 0 Omtlfc, 

HI 2teHl l©*frT«ffJbfc«©jaif®JW«tB*««UfclWffiHT*S. 

S*»mi:UTffo^«liiJttlfta, i&tfMiXJIIIfr® (if AH) S«*fbfcm* 

25 ctDffofe. if AH©±0«I2 6mmxi6 Omm^MCMb, TEJteiit 
8 0 /imxll 0 0 /imlzM&'t 

mi 4te, ^*>&A£fr:foft:>&>o£T i CNn-f'f^^IICo^TA 1 
lttK<P!&«[BiJ*ri:UTffofc«lB!lttK^ iitfMiX^SlTffi (if AS) 
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WMz&Qfr-olt. m Am<D±mtWt2 6mmxi6 Omm<DmmzttJfch, T 
m\tms 0 timxil 0 0 wraCMtS. 

^-r^eit^T^, ^K^r^w^b^. mmtmtj is b 4 0 5 3ci 

^r^^V^^ MSM, ^r>l/Xffl, iHRM, t 

i5 o^ibtii t i £c&z$/xteNt:%^mm^^fcimmmtmm£ 

TiCTiN, TiCN, RlST i A 1 C NU£tfmf £*l&o 

y^m. mm, ^m, RiSB^m^mm^o. 2 mo 1 %^±> $f^u<«o, 

5mol%^±, $6l:if*b<ttlmol^±-C^D, 2 0mol%^T, 
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£F£ L < 1 Omo 1 %^T, $&C^b<tt8rao 1 %«ras„ WkSlifi 

' 5V >^«fc##LT3&f 5. SSit^te 1 x 1 

10 0 15 i on s/cm 2 ^±, $?2cb<tal x 1 0 16 i on s/cm 2 ^±t^^ 
1 x 1 0 18 i o n s/cm 2 OT>$?^U<«5 x 1 0 17 i on s/cra 2 OTt 

iJPjgx^;P^-tt2 0 keV^±, ffSl/<«30k eVRi, 5 0 0 k 
e V£TF, $?£L<te2 0 0 k e VJUTteTS £ <fca*T€r£. 

15 SPi56©^p^^r$n*7C*T*n^ Xf37cmK:ftAXXfcU:gB^<fc#-frX 

20 cm-ftiur immizmzmmfetsi^o mz.immmm&&T*$>z>M&, o. 

2mol%J^±> ^b<ttl. Omo 1 %U±~C$>0, 30mol%^T, U 
*t<ttl 5mo 1 %m:t5ui:^tt5„ 

i *^TT* *#*®*»6 2 0<tm, ^KttlO/im^ $ 

25 L<tel tfm<E>^Jlk::fe^X, T i £±fE©MST#ft£i*<5;i£;^T 

t)n*it*i*5. fc/£U T i ^^-rSttiPX^S^TSiViofc^T 
*»*>5T i ^MLtfei^o CUTSiBfrSy tfm<J!)gJBK:*5tt£T i ftft 
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iPIffiSP^dtr3-x^>^®*^r'rs«^ ^mm^^2 0 urn, $?£L< 
ttl 0 £irru $e>(C$f^b<«l /zm0SSfc:*5V>T\ T i JMfctfO. 2mo 1 % 
JU±, ^L<«1. Omo 1 %^±T2feO, 8 Omo 1 %^T, £?£L<«6 
5 OmolOT, =kD$?^b<«3 Omo 1 $e>C$f^t<«l 5mo 

i jketf-c&s. t i w±ftmm'v&&-r%mmifiT i ^-w^-tv >^®t& 
io jn»ft, R&mm®i^<D&m%&mT2>z.L&*vgz>o z.z.xMmt 

XPSte&l^ 10 0 Om/$mT*C* iQXJB^.S<Z)WA44£&Jt 

15 iPXfflM^T i ^fn-f^f >^Jf £*£f\#fcfa*T i ^IlWfc^Sf, 
i^T i £#Wb&U«;tJPX**fCteJBT&«^tete, JPX/Bg&.S£T i ^WlfcDn 

mmmmm* b& < x hmn^u±^\zmm^^i±^^ z\£&t~%z>o tz 

25 *jHfcrr* 

«iPX#fc^fcfftIIStt^li^ T i JTOffl^ofcT i 
^iii«^SJc*^«p»tt©##R^xyDirXK:^^SP»tt©«j#^*5 



7 



t>tr#§ 0 ^S^tCT i »t§<!:^5i^f.H iT i ^r*iDXJfef# 
4>&< £fc^Jf KIT i ^WTS 

15 T#£„ £fc> fegBJH»K«, tRHim*tJPXfflaPft©*Sk:ift«l-r*Jlt*Sli 
0. 0 5wm£(±10yme(TT$§. 

lR]±T£5fc«>$?S;bV>. *©«k5^»ibTtt, WA«TiO x (Kx< 

tfe>n^>o T ittttSttTH T i n 0 2n _ 1 (n :8Eft) TS$ft3 Magneli 
5*13. Ti, Mo, W, %.ZfiNbfrt>fc2>m£QM$iZft2>l 
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t i ttflrt&Rtf/xttT i tt^tt^^aBawflt^ic^wsns*^ t i 

5 T-^>£f«£W£fc^«'&fcKj:, SBfimH^T i ©»£T i 0 2 fc&*bfc 

KWT i 0 2 11/IE»11X 10 0 (56) 

Ji£*rr*»&fctt, tftffT i O 2 «»0t!|^^ 1 0 KEU:, $?3;L<te2 0% 
10 i^±, L<«4 0%£X±£? 2>Zt&7?g% B m&r i o 2 m»©± 

tiim(lfi*-r§^©lA^(CJ;D, IftKCT i O 2 M»0DfiJ-&«9 0 %^T, 

15 XPSTW, Si, Mn, Al, RtN'T i fcOV>T«!lJt£fT ^ -en-^tlWC, 
S i 0 2 > MnO, A 1 2 0 3 , RtfT i 0 2 1 LT#ft-T£ iGOtbT^ftSCDM 

TOT i£*T i O^LTMt^i^imOT i O 2 0ii$fgt 0 

^mmzte^xmrniujitfe. ■mjiu&tmujitttomttmm&i 50m/ 
25 jnxsjrr. *«w©jpx««*<effl-rn«, ffli»»*«ffl-a:rfcftsciDx c^u 
**w©Kiiiipxfflapatt, -ttiipx«tj<f3gT»ttbT***^i;saMai?* 
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«J£n3 0 «»JX*02«iftXtt?IW»JttIA©aKfffi**l«V B *«2 0 0-3 

0 0 Mm^jlLfeB#^Tfft>tl§O^®MT*0, V B teJ¥$6<2|gg£^-f m> 
it*£fc*. *»W©«JHiJXA-Ctt» SJDfcJMSIS 1. Omm^lDO. 1mm 
/rev, «giJ3g^4 0 Om/m i n, R^giJJem 5 0 Om0&#T?*&5£#J)3iJ 

#5. WHmmVm/rni nRZfWmmM5 0 OmCD^#TttS:«JgiJSff 

V B ^V B0 +0. 0 6 3 7 5 - V 

(fcfcLVte 1 0 Om/m i nj^±5 0 Om/m i n^TOD> V B0 «3 0 # 
mt$§) 

1 0 0 k giSi^&s^S^c^oTS 4 5 cm&om&mmV, 5 0 k g«£6k:# 
ft©*K:T i lk.Z$A 1 WSMKCioT^ 7 5mmtU 
ttSfc 6> LMS^TS £ t t«koT^l/fc.-tO^TOi 1 CDS 0 T&3„ 

mi mmoit^mm (ma S s%) 
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mm* 


c 


Si 


Mn 


P 


S 


Cu 


Ni 


Cr 


Mo 


S-AI 


T-N 


Ti 


O 


m 


0.44 


0.34 


0.80 


0.002 


0.001 


<.01 


< .01 


<.01 


< .01 


< .002 


0.0009 


0.0100 


0.001 1 


m 


0.45 


0.35 


0.80 


0.003 


< .001 


< .01 


< .01 


<.01 


<.01 


0.021 


0.0006 


0.0005 


0.0006 



<«J»JX,ft©mfc> 

^mm<DP 1 OiffiSfil^ (M:WC-T i C (TaC) 3 0%-Co 1 
0%, ft&fcXttSL M:TNUN3 3 1 (HAify^) , M# : S T 1 0 

p) , t i N3-f^ >?&n ofep i oa^sx* (p i oaffiaaxjik: 

T i CN-A 1 2 0 3 -T i NCDjliT#li3-7"w' ^fcfroJfcfc©, HlYrU 
T;l4±§Sk J^JR : P 1 OXHtRWf, M# : UE 6 0 0 5) , TkX$T i CNH— 

5V >tf&n -dKp i osa^iPpXA (p i oiffiaiiatT i cs^t i n 

<Dmmm&&K\zMmLrcb<D. ttS«I|t«, : TNUN3 3 1, M# : 
K2 9 J) \Zi&m&m^T'(*>&A&ft^t£o -ft>jlA©^H ftfnt> 1 
0 0k e V&XXl x 1 0 17 i on/cm J ilfc. ^t>ffiAtt, T < VifgGD^. 
fcfrofc. XPSTMUfeIMiSS[i5mo 1 %T$.ofc 0 

=3— 5V >^*tfoTV^ViP i 0»fBM5iftX:£©T i tt&t£2 3mo 1 %T 
fctK^— 5V >^£fTofcXJ|cD^®T i»&fct5 Omo 1 «T?*ofc.^:*5, 

mfevfzo itt&orctb. mjz^wmmmzmm>nzp 3 oxa (-rt>ftA^ 

^MS^bTV^ c c^^S l 5,m^ WC-T i C(TaC) 8%-Co 1 0%, 
Hl-?TU7^m P10I*tR», i#:UT2 0T) fcO^Tfc 

VW&frmZ Dc : 1. 0mm 
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f : 0. lmm/r e v 
mm £ 1 ©A 1 MMSRtf T i IMMH 

^-©X^T 1 0 m/#j&> 6 3 0 0 m/frSTifiD 

m2\z, mm^ti (r) ommm^^ncr. ftnoxmb^m®, u 

0~10 0m/min) KfcMitSrWU iliil;^§(Ionti^t§^ -f^- 
^2 0^6 5 Om/m i nfll -ft>aAIl©MT i N3-j^ >^ 

AXA©^^v^^f4^#e>n§^<h/i)^^^ 0 0 Om/mi ntd*5 

tt3-T ^->aAXATOR©iit«, T i N3-f^f >yii©fi^f, 1 2 
b&. 

P3 0a*BSX^t2(5:^©Xft*JtttT«i:, *&*rcfcWf»Jfc&Jlia*j#& 
Wftmm5 Om/mi n£*±Tte, P 3 0 SXJI bT^BjCDXA 
Tf*Rj&*#<J2 O^fgTbfco 

l^fil©3!afctoi, (Fs ;H3) T«b«W3ftfc. TOJj£^ 3 0 0 m/ 

mint^ViT, T i N3- 5^ >^XA£ltt£bTF s * 

io~i 5%gij«r*c:i:d«T^fc. P3 ommmuMtttt&isTb. mmm 

5 Om/mi ni^JiTF sS*9 2 5«giJ«-rSJ:t*«T#fc. *%gB 
(CJ;D, 3— 7^ >^Sfrfrfc<Tfe*#K:'f:*->&A&fT i)PX 

cfc) Rtf&Qfrj] (Fs) d^siK^w^irmsnsiA 

f££^b£:„ ^JA«3 0 Om/mi nt:*5tt«J*«(^»[tcoUT, -ft>ftAI 
*©«#TiN 3-7^ >^XH£itt$!bT 1 0 K*4>U Wff^ttfcffinTV^ 
CliS^bTV^. P 3 omm^XMttik&^TIb. Wiai5 0m/minK 
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$JII'Ji£& V: 50~2 5 0m/^ 
^IiJggil 5 0 0m 

(wwmmzmmmiz&wis. mz.\*v= 5 om/m i nTtti 

2 5 Om/m i nT«2#£&<5) 
«g"J*J : ±WB<DA 1 Ji&itffl&OT i I£g£$| 

tt»«©X^*r<^®«S^«l$ (k T ) ta&tfffiJjGfelB (V B ) £SI5£U *$g 
£M5b£: (0 5) 0 0 5 tC^-Tol D , T iM.Mffl&mm£lstttf]>z T RZ$ 

^m^SXAMfC«fc!3S!lJtbfe (07). 0 7 (C^f <k 5 \Z. &Wm£<D& 

mmmm\zT i-Mn-s iMtt«iT^s^t»§ 0 

&*30 7T«, KI««TW, S i , Mn, A 1 , IkZfT i iZ-D^XM^n 
<<\ ^nwC, S i 0 2 , MnO, A 1 2 0 3 , RtfT i 0 2 <hLT#ftf§<h 

WMtT i fc^^T, 

T i 0 2 / (WC + S i 0 2 +MnO + A 1 2 0 3 + T i O z ) X 1 0 0 (%) 
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T?*$tl***ttS*IBb&. JfcfcU W, Si, Mn, A K i teu ^ 

ARfcttWC, S i 0 2 , MnO, A 1 2 0 3 > RtfT i 0 2 £gfc57MT#£L5 
5. i7^lcm (aSi0 2 -bMnO-cTi0 2 ) fcV>5«]EWU S \/ 
Mn/T i O^JHt^W a / b / c t S I i $^f 0 
<mmM4> ^ft>ffiAT i N3-f^ >^lAOS5fll»I»*f 

-f t>^AT i N3-j^ >^X=Br£JB^T^y£0iJ 1 i^fcLT^gU^fTo 
fcSK Sa«ltBtK:^ViTXPS^<fcD7c*^*f*fTVi (08) , ttjMfttt&ffl 
RBSI»*^lHl&r (SAED) fc^BW^fc (09) . H8fcfcj:, -Y^S-A&fr 

< t>aAtfcT i CN3-f^ >^P 1 OliH^ViT, (D 
c) l. Omm, m.*) (f) 0. lmra/rev, OTJSgfH 5 0 0 m(D&#T**0 
BUSrfrVi, Jf§^#t££tl^fc (010) . «8iJ*r£LTfci:, iiujztfOA 1 
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^t>aA^fo/j:^ofcl^, S0fiiJME#3 0 Ora/m i n$SA5t((l^ 
«V B #j&i|IU 5 0 Om/m i nTKWSii^ofc. ^n^L^BJ 
5 ©-ft>aAlATH 12J$J3i^5 0 Om/m i nT?$>^J*^tiT& 0> jg 

HU3*flW«3 0 Om/m i n&±TfcJW£tt©»mjMtt«T?* 0 , S&j$«T**gj 
ilS5 0 Om/m i nT5 0 0 mSJ»J£©V B j&*5 7 tfinCSSoWS. X 
A©2Stfc&V B =2 0 0 AtmTff -S^bTfe, 1 7 0 0 m&±(DtymZff 5 Z. £ 
10 ^Tf5ifS$n5, 

«Ji'J5i«5 0 Om/mi n ^*^*X^*^iBV B t«JgiJKmt©M«*BI 1 

TmmVTco WlMLT iJttBfcWTtt, «BiJjg«l^5 0 0m*jg^5tV B O 
iiJP^M^T^Clt^^S. ^0giJmHl5 0 Om~l 0 0 0 mCD^CD V B ^Jp» 

15 to^Titisrr* t , t i jmtm°v<D{m*A 1 ji&mirax^ii© 1/6 te-rif&v*. 
<Dmwmtfzn&. ttmmmit, ii2ti:Be 1 a & tmtBvrcmm\zm 

20 fc^s^xvis^jtatisns. 

h»j 5 u^ximcout. 2£wr®©&Br£ v—^—mm. 

013ft ^t^AbfcT i CN3-f^>^P 1 OltoW, TiJS# 
L#Jll!ll£SI& 5 0 0 m£rs&fre±l2«lfc£fTo&&, tf 
25 -Mitt (jt3ES»U— !f— W««fc. U—tf-ryZltm. 1LM2 1W) 
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i. mmm^mMtL, mmmfrb 1 um^mz^x, y^m, m.m, 

0 1 %frt> 1 Omo 1 %©^ffl^$>§i^5iiPIffigi5a 0 

2mo 1 %frt> 1 Omo 1 %0$Sfflf£cfe&i^jg;!jQXI3gBi£o 

3. 3-f^>WTiC, TiN, T i CN, WTiAlCN^f,^ 

5. tUJimMmffifrZ I um&ft\Z&^T, T i (Dmm&O . 2raol%* 
£8 Omo 1 %(D&m\Z&Z>m$imi-4(Dl°Stlfr0)ffifih o 

15 6 . sw^^^T«.^if^JS 1-5 <D{*mfrizmm.(Dffl8 ]0 

7 . it j&m i - 6<DMn^^tB«©gi5 I a^jnx^{^bT 1 5 om/^i 

8 . mni:tttm?%m\zttmmm$:t!t>izft-rz>m?£m 1-6 ©M^i^t 

20 9. s^mmmmmnimzttLTi s om/fr&±(DmmxmMz j &z>z.t 
\z&v£j&LrcmT»&z>m&m8\z$m<Dffi& 0 

1 0. &^mmmo&mzm^z>m\\j:mmm\zT i ^wr^>if^9tc 

25 imwti/jtm&%mmm\z&tfz>T i <w^mt»* 2 4ffi^ 
1 2. -1 1 <Dttnfr\zmm<Dffl&z>ydFp£mttmmi 5 om/^ 
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l 3 . flf&g; 1-11 o<hrn^fcBB«©»ft*^tr»a«Bi|XA. 

14. «t)ji^«$l. Omm, m*)0. 1 mm/ r e v, 3mijjg&4 0 0 m 

V B dt7 0/im^TO5S^l 3X«1 4 CDift jt«JgiJXA. 
1 5. fltt&Rl 3X(il 4kHa<K©«liijXAfcJ;D, «HWtt*fflV^fc«J»ja 
mi 5 0m/M±^f B ^^it?>I@^^, 

1 6 . m&m i-6 ©Mn3&^caE*fe©iBia*«ipx«k:^bT 150 m/^m 
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TZ>„ 

*«-&k:*>, ra«KbT»j(Bfttt^ii»tt*ak*-r*j:i:*t*r**. cms ©as 
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